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FLUID MECHANICAL ASPECTS OF CELL CULTURE 

O b j e c t i v e  

The r e s e a r c h  p r o j e c t  had t h e  o b j e c t i v e  of determining t h e  i n f l u e n c e  of 
s h e a r  r a t e  on c e l l  cultures.  C e l l s  were c u l t u r e d  on a f l a t  substrate  i n  a 
s p e c i a l l y  designed flow chamber i n  w h i c h  shear r a t e  is known and c o n t r o l l e d .  

Equipment 

T h e  required items of equipment were obta ined  and p laced  i n  o p e r a t i o n .  
The major items are  l i s t e d  below. 

1. The  Richardson Flow Chamber, c o n s i s t i n g  of a g l a s s  s l i d e  (where t h e  
ce l l s  a r e  attached and grow), t h e  main body of t h e  flow chamber 
( w h i c h  has  two s l i t s  f o r  e n t r y  and e x i t  of f low and a connector  f o r  a 
vacuum l i n e ) ,  and a r e c t a n g u l a r  s i l a s t i c  g a s k e t  wi th  h o l e s  t o  
t r a n s m i t  vacuum t o  t h e  g l a s s  s l i d e .  The  g l a s s  s l i d e  and t h e  main 
body of t h e  f low chamber a r e  h e l d  p a r a l l e l  a t  a known spac ing  by t h e  
g a s k e t .  T h i s  p rovides  a flow channel  above t h e  g l a s s  s u r f a c e .  

2 .  A double  s y r i n g e  cont inuous  au tomat ic  i n f u s i o n  pump i s  used t o  y i e l d  
a known, c o n s t a n t  f low r a t e  of c u l t u r e  medium through t h e  f low 
chamber a t  v a r i o u s  p r e s c r i b e d  l e v e l s .  The pump is o p e r a t e d  w i t h  
i n f u s i o n  from one s y r i n g e  with s imul taneous  withdrawal  i n t o  t h e  
o t h e r .  I n  t h i s  way contaminat ion d u r i n g  t h e  o p e r a t i o n  is reduced. 

3 .  An A i r  C u r t a i n  Incubator  i s  used f o r  tempera ture  c o n t r o l .  T h e  
d e t e c t o r  of t h e  i n c u b a t o r  is  p laced  on t h e  s l i d e ' s  s u r f a c e  and 
c o n t r o l l e d  t o  37 .OOC 20.5. 

C e l l  C u l t u r e  Techniques 

Human embryonic kidney c e l l s  l o t  #8514 were u s e d  i n  a l l  experiments .  
Techniques were developed f o r  ( i )  c l e a n i n g  and t r e a t i n g  t h e  s l i d e ' s  s u r f a c e  
p r i o r  t o  t h e  c e l l  t r a n s f e r  t o  f a c i l i t a t e  c e l l  a t tachment ,  ( i i)  f o r  growing t h e  
ce l l s  on t h e  s l i des ,  ( i i i)  t r e a t i n g  them f o r  s u c c e s s f u l  t r a n s f e r s  t o  new 
s l ides ,  arid ( i v )  f o r  keeping t h e  c e l l  l i n e s  up t o  4 o r  5 p a s s e s  w h i l e  a v o i d i n g  
contaminat ion .  

B a s i c  Experiments  

The f low chamber was used  w i t h  t h e  c e l l  s l i d e  a t t a c h e d  t o  t h e  bottom of 
t h e  chamber p r o v i d i n g  a well d e f i n e d  a r e a  of c e l l s  exposed t o  t h e  s h e a r  
f i e l d .  Experiments  were performed for  s h e a r  s t resses  i n  t h e  range  of 2 t o  60 
dynes/cm2, a t  370c 20.5,  w i t h  t h e  time of exposure t o  t h e  s h e a r  stresses 
v a r i e d  between 2 and 24 hours.  

Morphological  a n a l y s i s  of t h e  d a t a  was c a r r i e d  o u t  by us ing  a 
Zeiss-Mapping system from which  t h e  fo l lowing  informat ion  was obta ined:  



- Area: c e l l  area ( $ 1  

- Length: c e l l  perimeter (ll) 

- Count: number of c e l l s  traced 

- Maximum Diameter: c e l l ' s  maximum diameter (1-1) 

- Angle: t h e  slope of maximum diameter from the  center  l i n e  (00 t o  
360° 1 

- Form: c e l l  shape defined t o  be (4IiareajjTD2m. A c i r c u l a r  c e i l  
has a shape of 1; lower shape number ind ica t e s  c e l l  elongation. 

The co l lec ted  data are shown i n  Table I. 
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These se lec ted  data  and o p t i c a l  observation of t h e  c e l l  show t h a t :  

TIME (HRS. ) 

CONTROL 

2 

4 

1. 

2.  

3 .  

4. 

C ONT ROL SHEAR STRESS, DYNES/CM~ 

2.60 26.00 

0.36 x 10-4 

0.31 x 10-4 

0.14 x 10-4 

The inf luence of t h e  shear f i e l d  is  s l i g h t  a t  low shear  stresses 
(2.60/dyn/cm2). A t  higher shear s t r e s s e s  (above 26.00 dyn/cm2) t h e  
cells  lo se  t h e i r  v i a b i l i t y  and tend t o  come o f f  t h e  g l a s s  surface.  

A t  in termediate  and high shear  r a t e s  (between 6.54 and 54.00 dyn/cm2 t h e  
c e l l s  tend t o  be o r i en ted  p a r a l l e l  t o  t h e  d i r e c t i o n  of flow. 

A t  in termediate  and high shear r a t e s  (between 6.54 and 54.00 dyn/cm2 t h e  
cel ls  i n  t h e  f l o w  become s i g n i f i c a n t l y  l a r g e r  than con t ro i  c e l l s .  

A t  in termediate  and high shear r a t e s  (between 6.54 and 54.00 dyn/cm2 
ce l l  e longat ion is  observed causing a change i n  t h e  ce l l  form. 

Metabolic Act iv i ty  Measurements 

F ib r in  Overlay Methods f o r  t h e  detect ion of metabolic a c t i v i t y  of co lonies  
of transformed c e l l s  w e r e  evaluated. From these  eva lua t ions  a method was 
se l ec t ed  (adapted from the  procedure of Jones,  e t  a l )  and developed f o r  
urokinase detect ion.  

The r e s u l t s  a r e  given i n  Table 11. The numbers i n d i c a t e  urokinase u n i t s  
p j d u c e d  per  cell. 

TABLE 11. 
INFLUENCE OF SHEAR FIELD ON UROKINASE PRODUCTION 

The da ta  ind ica t e  a s i g n i f i c a n t  reduction of urokinase,  re leased  by t h e  
c e l l s ,  a t  high shear rates. 


